A voxel-based method for measuring sulcal width was developed, validated and applied to a database. This method (EDT-based LM) employs the 3D Euclidean Distance Transform (EDT) of the pial surface and a Local Maxima labeling algorithm. A computational phantom was designed to test method performance; results revealed the method's inaccuracy δ, to range between 0.1 and 0.5 voxels, for a width that varied between 1 and 7 voxels. Two morphological descriptors were computed to characterize each defined sulcus: mean sulcal width (MSW) and mean absolute deviation (MAD). The former is the average width for all available width measurements within the sulcus, and the latter is the deviation of these measurements. The EDT-based LM method was applied to the Minimal Interval Resonance Imaging in the Alzheimer's Disease (MIRIAD) database, for a set of high-resolution Magnetic Resonance (MR) images of 66 subjects: 43 patients with Alzheimer Disease (AD) and 23 control subjects. AD causes significant gray matter loss; hence, some sulci were expected to broaden. Methodological results concurred with this hypothesis. After a Wilcoxon test, MSW was grater in the case of all sulci pertaining to AD patients, (p < 0.05, FDR corrected), whereas MAD showed significant differences in 8 sulci (p < 0.05, FDR corrected). This work presents a novel voxel-based method for measuring sulcal width and extracting descriptors to characterize and compare the sulci within and across subjects. (M.J. Mateos), alfonso.gastelum@icat.unam.mx (A. Gastelum-Strozzi), barrios@inb.unam.mx (F.A. Barrios), bribiesca@ iimas.unam.mx (E. Bribiesca), alcauter@inb.unam.mx (S. Alcauter), jorge.marquez@icat.unam.mx (J.A. Marquez-Flores).
Introduction
Magnetic resonance imaging (MRI) enables researchers to examine, measure and analyze brain anatomical features, in living humans. This imaging modality has enriched the field of quantitative neurobiology (Bansal et al., 2008; Mangin et al., 2004) . When applied to the brain, the MRI technique provides detailed information concerning the morphological features of various brain regions, including brain sulci (Bansal et al., 2008) . Studies of brain morphometry using MRI are still relevant because they have shown potential for the prognosis of neurological disease (Kochunov et al., 2012; Alcauter et al., 2011; Matsuda, 2013) .
A subject currently inspiring great interest is variation in cortical folding, as this relates to cognitive function (Gautam et al., 2015) . The human cerebral cortex is highly folded, which provide a large surface area that fits within the skull (Fischl et al., 2007) . This also comprises the most developed area of the brain, where higher brain functions such as thinking, planning and decision making take place. The folds can also be described as a series of ridges and indentations. A brain ridge is known as a gyrus, while an indentation or depression is a sulcus or fissure (Marieb and Hoehn, 2007) ; approximately 70% of the cortical surface is buried in sulci (Van Essen and Drury, 1997) .
Sulcal width has been studied as a potential biomarker for a number of disease; particularly Alzheimer's (AD) (Liu et al., 2012; Reiner et al., 2012; Im et al., 2008) . Sulcal width is defined as the minimal Euclidean distance between two points on the pial surface that belong to different sides of the sulcal basin. Only a few algorithms in the literature measure sulcal width. The first two reports consist of object-based methods, but these generate an indirect measurement and are also highly dependent on the segmentation method (Liu and Xia, 2010) . Mangin (Mangin et al., 2010) proposed an indirect measurement of sulcal width, dividing the total volume of cerebrospinal fluid within the sulcus by the area of a previously constructed skeletal mesh. This mesh is parallel to the sulcus walls and located at the center of the sulcus. Kochunov (Kochunov et al., 2012) developed the second object-based method (available in the BrainVisa software), which requires a medial mesh. This method involves tracing two vectors at each vertex to the point where they intersect with the gray matter mesh, and then the Euclidean distance is calculated between these two intersections; this process gives average width and its standard deviation. Importantly, object-based methods produce indirect measurements of sulcal width, from which sulcal width maps cannot be constructed. In a recent work (Martínez Tejada, 2016) , a vertex-wise method was developed for estimating the sulcal width at each point on the cortical surface. This method takes as input the pial surface triangular mesh, from the FreeSurfer software (version 5.3), and is divided in three main stages: 1) sulcal segmentation, sulcal lines and gyral crown extraction; 2) depth map generation, referring to previous sulcal surfaces; and 3) sulcal width map estimation. The last proposal represents a direct method, and sulcal width can be measured for each point on the brain surface.
In this work, a voxel-based method for measuring sulcal width was developed, validated and applied, as an example of a high-resolution dataset in the MRI dataset from AD patients, together with agematched healthy controls. A voxel-based approach preserves the discrete representation and shift-invariance properties for 3D image processing and analysis. The main tools employed for this method are the 3D Euclidean Distance Transform (EDT) and a Local Maxima labeling algorithm. EDT makes possible the generation of distance maps with no significant error (Ragnemalm, 1993) . This mathematical tool was proposed by Danielsson (1980) . Within medical image processing, there are many distance transform applications, particularly for studying brain MRIs (Kozinska et al., 1997; Chen et al., 2012; Kaur and Mittal, 2014) .
A computational phantom was designed to validate the performance of the proposed method and determine its accuracy, and subsequently applied the algorithm to the MIRIAD dataset (Malone et al., 2012) ; an MRI database of 66 subjects (43 patients with AD and 23 control subjects), to determine whether the developed method was sensitive to voxel runs for p (green voxel). In this case, p is detected and labeled as local maximum.
group differences. Sulcal width measurements and voxel-based width maps were obtained for each subject. Results from the EDT-based LM method were compared to those obtained from the Kochunov object-based method (BrainVisa). Morphological descriptors to characterize the sulci were selected and compared between groups. This paper is divided into 4 sections: 1. Method: EDT-based LM algorithm, comprising 3D EDT computation and Local Maxima detection; 2. Validation, including the phantom design and its characterization; 3. Application, to a brain database and comparison; and 4. General discussion.
Method

EDT-based LM algorithm
A method for labeling Local Maxima based on EDT was developed to measure sulcal width. The algorithm was designed to use the discrete representation of the pial surface as input, and to compute the morphological features on a regular three-dimensional grid, comprising a voxelbased approach.
First, the pial surface EDT was computed to obtain the distance d from each voxel outside the brain, to the nearest voxel on the cortical boundary. For the purposes of this work, the unit of distance is termed Minimum Voxel Dimension (MVD) and is defined as the smallest voxel side. Equation (1) describes this relationship, where p is a point outside the pial surface B, and q is a point within the B boundary ∂B.
The result of this transformation is a 3D image, where the level of intensity of gray for each voxel is d. Subsequently, to work exclusively with information about sulcal, this image was masked by the morphological closing (Serra, 1984) , EDT closed , of the pial surface, with a sphere of 3 voxel radius, as the structuring element. Within each sulcus, the 3D crest lines (Local Maxima) represent half the distance between the closest borders of the sulcus. An algorithm to detect and label these Local Maxima voxels was developed. Fig. 1 is a two-dimensional example of the main stages in the EDT-based LM voxels algorithm.
Pre-processing, segmentation pipeline
The pial surface is necessary for computing sulcal width because it represents the boundary between gray matter and cerebrospinal fluid. There are different ways of extracting it. For the purposes of this work, each structural T1-weighted MRI scan was analyzed by the FreeSurfer cross-sectional pipeline (Fischl, 2012) in order to calculate the pial surface. The main stages in this process are pre-processing, voxel-based processing and surface-based processing. This includes segmentation of subcortical structures, extraction of cortical surfaces, cortical thickness estimation, spatial normalization onto the FreeSurfer surface template (FsAverage) and parcellation of the cerebral cortex into units, with respect to gyral and sulcal structures. Pial surface extraction can be accomplished using any other neuroimaging software, such as Functional MRI from the brain Software Library (FSL).
Pial surface EDT
After calculating the pial surface, this was converted into a binary volume, where all voxels inside the pial surface (i.e., brain tissue) were featured ("1"), and all voxels outside were not-featured ("0").
EDT computation to calculate pial volume employs the fast algorithm for three or more dimensions, designed by Mishchenko for Matlab (Mishchenko, 2015) . This transformation provides a distance map of the pial surface; Fig. 1 is a 2D example of the EDT for a binary image.
Local Maxima labeling algorithm
A local maximum is a voxel that has the greatest intensity label within a neighborhood. The Local Maxima labeling algorithm aims to identify and label those voxels in the crest line that manifest the maximum intensity value within the search neighborhood. Fig. 2 illustrates the three main components of the algorithm:
The neighborhood to be searched, a discretized sphere (S) with radius r.
The EDT of the object to be studied (a triangle in the case of this 2D example). The voxel-run intensities.
Prior to Local Maxima detection it is necessary to define the spherical neighborhood shell S, in order to compare the voxel under examination (central voxel) with pairs of shell voxels in opposite positions (N pairs ), for all directions. It is also necessary to define the search subvolume (EDT vol ), employing the radius r of the chosen S and operate without exceeding the voxel-array dimensions.
The LM labeling algorithm scans the pial surface EDT vol of 256 Â 256 Â 256 voxels within the spherical search neighborhood. This scan involves reading and comparing the values of the two voxel runs made for each N pair in the neighborhood shell. For the purposes of this work, the voxel runs are defined as chains of 26 connected voxels, identified, according to the Bresenham algorithm (Bresenham, 1965 , Heckbert, P. S.,1990 , from the shell to the central voxel. The Bresenham algorithm determines the voxels that should be selected to trace a close approximation to a straight line between two points.
A voxel is identified as a local maximum (a Local Maxima voxel), if intensity values decrease in the S direction for both voxel runs, at least for N directions .
This means that it should follow an up-down staircase pattern ( Fig. 2c) , where the highest value is the voxel being examined. The pseudo code is presented as Algorithm 1.
For sulcal width computation, r ¼ 3 and N directions ¼ 7 were selected; r was determined from the resulting mean sulcal width (%3 mm), and N directions were optimized to minimize the lack of accuracy in the algorithm (Section 3).
Algorithm 1. Local Maxima Labeling Algorithm
To obtain the sulcal width at each Local Maximum, the corresponding value of the EDT vol is multiplied by two because the maximum is located at half the distance between the closest opposing pial voxels, i.e. half the sulcal width at these voxels.
The measurements obtained from the EDT-based LM vary in terms of depth and along the sulci, suggesting morphology changes inside the sulci. This detailed information is of great interest and can be summarized by computing morphological descriptors for each sulcus.
To compare these measurements among patients, with the application implemented here, each sulcus was identified based on the Destrieux atlas (Destrieux et al., 2010) , and summarizing values were computed, i.e., the MSW and the MAD for the width values within the sulcus.
Validation
To model width variations within 3D objects and test the performance of the developed method, an helicoidal horn phantom was designed, exhibiting variations in parameters, for example: 3D orientation, radii (width) and non-planarity, as shown in Fig. 3a . The phantom's main characteristics are the angle shifts and radius (R horn ) variations. The R horn value for every θ angle is known as is the position of the crest line ( Fig. 3b ). The crest line voxels follow R horn < ε for each θ (ε was set as 1 MVD), in contrast with the theoretical approach in which the crest line voxels comply with R horn ¼ 0. The results of the EDT-based LM method, applied to the helicoidal horn for seven directions, are illustrated in Fig. 3c and were compared with the phantom information.
The identification of the Local Maxima voxels is affected by image resolution and discretization artifacts. These can make those voxels outside the crest line comply with the criterion in at least one direction ( Fig. 4 , two and five directions), causing them to be mislabeled; thus, increasing the inaccuracy (δ) of the method. Voxels in the crest line match this criterion in the case of most directions, but for small R horn values this number of directions decreases, creating holes (Fig. 4 , seven and ten directions). The number of directions was optimized to minimize inaccuracy and maximize the labeling of voxels in the crest line. To quantify inaccuracy, R horn theoretical values were compared with those obtained using the proposed method.
After considering both factors: 1) mislabeling of Local Maxima voxels, and 2) discretization errors, the following equation is proposed:
D 0 D 0 is the output of the EDT-based LM multiplied by two. D D is theoretically the shortest distance from the local maximum labeled voxel, to the phantom boundary. d d is theoretically the shortest distance from the local maximum, labeled voxel to the helicoidal horn axis of the phantom. Note that ideally d ¼ 0.
δ computation was made for N directions 2 [2,10] to determine which value maximizes accuracy and to guarantee that voxels labeled as local maximum pertain to the crest line. Evidently, the value of N directions that maximizes the accuracy of the method is 7, and the sulcal width varies between 1 and 7 MVD, with δ 2 [0.01, 0.45] MVD ( Fig. 4) .
A detailed analysis was made to define the conditions of method applicability: voxel size and voxel anisotropy. A triangular prism-shaped phantom was built ( Fig. 5a ), making a full angular evaluation possible. Fig. 5 shows the triangular prism shaped-phantom, a voxel-based representation along with its construction parameters.
For the angular evaluation the phantom parameters were selected as follows: length ¼ 100 mm, height ¼ 50 mm, width ¼ 20 mm, and orientation angles: θ (around Z axis) ¼ 0 , Φ (around Y axis) ¼ 0 , and Ψ (around X axis) ε [0 , 90 ] , Ψ is also known as the pitch. For the purposes of this work, a 256 Â 256 Â 256 mm 3 array was employed.
A voxel size evaluation was performed to determine the maximum value for accurately measured widths, ranging between 1 and 6 mm. The method was applied to the triangular prism-shaped phantom, using different voxel sizes. Mean width, percentage of Local Maxima voxels, and their inaccuracy were obtained for each voxel size and Ψ value; results are presented in Fig. 5 . In the graph on the left, the y-axis represents the Ψ values, in which the phantom is generated, the x-axis represents the different isotropic voxel sizes tested, and the colors represent inaccuracy (mm). In the graph on the right, the y-axis represents the Ψ values, the xaxis represents the different isotropic voxel sizes tested and the colors are the percentage of Local Maxima detected, respectively. The percentage of Local Maxima voxels is computed, based on results obtained for a voxel size of 1 Â 1 Â 1 mm.
The maximum voxel size for which the application of the EDT-based LM method is recommended for measuring widths between 1 and 6 mm, is 2.5 mm for each voxel side. Fig. 6 shows how inaccuracy increases when voxel size reaches 3 mm per side or larger; likewise, the percentage of Local Maxima voxels detected decreases significantly, due to discretization errors.
Anisotropy robustness was evaluated in a way similar to the voxel size accuracy, previously described. Fig. 7 presents the results from this analysis; in each case, accuracy variation was measured for each Ψ angle.
On the left, the isotropic case is presented as reference, with values of δ ε [0, 0.45] mm. These are consistent with results obtained using the helicoidal horn. In the middle, an evaluation for different values of one-sided anisotropy was made; in this case one side is different from the others. On the right, the results for the two-sided anisotropy analysis are presented; in this case all the voxel sides are different.
The developed method can be used with different voxel sizes and different anisotropy conditions. Based on the accuracy values obtained, the applicability conditions recommended are: 1) for one-sided anisotropy, a limit of 1:1:1.5 aspect ratio, 2) for two-sided anisotropy, a maximum aspect ratio of 1:1.2:1.5, and 3) a maximum voxel size of 2.5 mm. The statistica analysis was performed using MATLAB, 2018 
Application
Real case application: single subject
The EDT-based LM method was shown to be reliable for estimating sulcal width, based on criteria as suggested. To summarize the width for each sulcus and its variations, two morphological descriptors were Measurements for all sulcal regions were obtained with a T1weighted brain MRI from a single subject. The sulcal regions were identified by subtracting the brain closing volume and the pial surface. Subsequently, the anatomical labeling of the sulci was undertaken, based on the Destrieux cortical atlas (Destrieux et al., 2010) . For each sulcus, an estimation of MSW and MAD descriptors, was performed. Fig. 8 shows the sulcal width map for the transverse temporal sulcus of the right hemisphere. Changes in sulcal width are detected for this sulcus; the measurements obtained were between 2 and 7 mm, with an MSW of 3.55 mm and a MAD of 0.69 mm.
Applying the EDT-based LM method to the brain endorses a depth and length-based analysis of sulcal width, which can be used to evaluate variations, spatial relations and morphology trends.
An application for group comparisons using the MIRIAD database
The goal of this section is to determine whether the sulcal width descriptors obtained using the proposed method can assess differences between a group of patients with AD and a group of matched controls. The decision to test the method using this dataset was made because AD causes a significant loss of gray matter (Lehtovirta et al., 2000; DeCarli, 2000; Karas et al., 2004) ; some sulci are thus expected to broaden (Liu et al., 2012) . The dataset, obtained from the MIRIAD (Malone et al., 2012) , includes MRI scans taken from 66 subjects on the same 1.5 T Signa MRI scanner (GE Medical systems, Milwaukee, WI). The database is publicly available at https://www.ucl.ac.uk/drc/research/methods/minimal-inte rval-resonance-imaging-alzheimers-disease-miriad/). Three-dimensional T1-weighted brain images were acquired from a FOV (field of view) of 240 Â 240 Â 186 mm, in a 256 Â 256 Â 256 matrix, resulting in a voxel size of 0.94 Â 0.94 Â 1.5 mm 3 . All MRI images were processed, employing the FreeSurfer cross-sectional pipeline, as mentioned in Section 2.1.1., and the EDT-based LM was applied (as in section 2) to further estimate the MSW and MAD for each sulcus and compared between groups by applying a Wilcoxon rank-sum test. Significance was defined as p < 0.05 and corrected for multiple comparisons (80 sulci), with a false discovery rate of 0.05.
The database characteristics and EDT-based LM results are shown in Table 1 . The average of the MSW and MAD was computed for each group. A comparison between average measurements for the entire brain does not present statistically significant differences. Extracting the morphological descriptors for each sulcus is necessary for individual comparison. Fig. 9 shows the application of the proposed method to the MIRIAD database. a) Sulcal width map for a control subject. b) Sulcal width map for a patient. Anatomical differences between these two subjects are visually evident; the sulci of the patient's brain are wider, and the results of the EDT-based LM method are consistent with these differences. These sulcal width maps portray the fact that the variations of the average Sulcal Width for each sulcus (SW) are different among brain regions.
Results from the group analysis
For the 80 sulci tested, MSW increased significantly among the patients, compared to controls (Table 3 ). Fig. 10 shows the z values for these sulci. The sulci with greatest differences in MSW (higher z values) are located in the frontal and temporal lobes.
In their research, Im, Kiho et al. discovered that the greatest sulcal widening in the AD group was in the temporal lobe, concurring with our results. Liu et al. 2012 measured the sulcal width of five different sulci (Sylvian fissure, central, intra-parietal, superior frontal and superior temporal sulci) and made a comparison between control, very mild AD and mild AD, and only the intra-parietal sulcus width showed no differences (Im et al., 2008) . The results presented here (Table 3 ) showed significant differences for these five sulci. This is consistent with the finding of sulcal widening in the frontal and temporal lobes (Karas et al., 2003) .
In the case of MAD, which measures sulcal width variability, 12 sulci showed significant differences between groups. Fig. 11 shows the z values mapped on the brain for these sulci.
Sulci results with statistical significance in terms of MAD measurements are located at the temporal and frontal lobes. This result complies with MSW results. In AD patients, sulcal width variability is lower in the frontal lobe and higher in the temporal lobe.
Finally, a Spearman correlation was performed between the Mini-Mental State Examination (MMSE) scores and both descriptors (MSW and MAD) to determine whether sulcal width was related to the MMSE score in the AD group. For both descriptors (Table 4) , some sulci had p values lower than 0.05; however, none of these survived the correction for multiple comparisons. The correlation coefficient value for all correlations is negative, meaning that if sulcal width or variability in sulcal width increases, the MMSE score (i.e., cognitive performance) decreases.
In the work of Liu et al. (2012) , the authors measure the mean sulcal span and compare it with the MMSE scores, which show similar results, i.e., negative correlations for all sulci (Liu et al., 2012) .
Comparison with object-based morphometry sulcal width measurement (BrainVisa)
The sulcal width measurements obtained using the EDT-based LM method were compared, to those obtained using the object-based morphometry method (Kochunov et al., 2012) , which is available as a BrainVisa tool. For this purpose, all the images of the MIRIAD database were labeled with the BrainVisa altlas, then, the mean sulcal width of four sulci (Central, Temporal Superior, Superior Frontal and Inferior Frontal) was computed, using both methods. These measurements were obtained for each subject and both hemispheres.
A correlation analysis was performed to determine how the EDTbased LM sulcal width measurements, for an individual sulcus, are related to those obtained using the object-based method for the same sulci. The SW and the standard deviation for all subjects of the MIRIAD database were obtained for each individual sulcus using both methods, and likewise the correlation coefficient (r) was computed for each sulcus, as presented in Table 2 .
From Table 2 it can be observed that the EDT-based method results in smaller values for SW average than those obtained using the object-based method. The sulcus presenting the biggest differences between methods is the Superior Frontal sulcus for both hemispheres.
The highest values for the correlation coefficient (r ε [0.39 0.68]) are obtained for the Central and Temporal Superior sulci. r values close to one mean stronger linear correlation. For the Superior Frontal and the Inferior Frontal sulci, the r ε [0.12 0.39]. In Fig. 12 , the relationship between the measurements using the two different methods can be appreciated more clearly; at the top, the sulci measurements with higher correlation values for both hemispheres are displayed; at the bottom, the sulci measurements with lower correlation values are displayed; even if the correlation is not strong, both have similar tendencies.
General discussion
The EDT-based LM method is able to identify and label most of the Local Maxima voxels and measure the sulcal width value for each of the labeled voxels. All parameters were optimized to maximize the number of crest line voxels labeled and minimize inaccuracy; this was accomplished using the designed helicoidal horn computational phantom (Section 3). This method is limited by the EDT resolution and the discretization artifacts. To determine the range of voxel size and voxel anisotropy to use this method a triangular-prism shaped phantom was designed and employed. For the different voxel sizes analyzed, the MSW and MAD do not vary significantly because the increase in voxel size mostly affects the number of Local Maxima voxels detected, even though the inaccuracy of the method increases with voxel size. In the case of anisotropy, the analysis was performed for two anisotropy cases; onesided anisotropy, in which only one side is different, and a two-sided anisotropy, in which the three voxel sides are different. The results for the one-sided anisotropy (Fig. 7, middle) show that the MSW and MAD do not change significantly, but the inaccuracy values increase with the one-sided anisotropy. In the case of two-sided anisotropy, results are similar (Fig. 7, right) , the MSW and MAD do not change significantly, and the inaccuracy values increase as two-sided anisotropy increases. The highest values of inaccuracy are obtained for Ψ ¼ 10 as a result of the discretization artifacts of the computational phantom. The conditions of use for the EDT-based LM method are: 1) for anisotropy, a limit of 1:1:1.5 aspect ratio, 2) for two-sided anisotropy, a maximum aspect ratio of 1:1.2:1.5, and 3) a maximum voxel size of 2.5 mm. After the validation process, it was concluded that the developed method is sensitive to the variability of the sulcal morphology, throughout the brain.
The Destrieux atlas to obtain the cortex labels was chosen because it divided the cortex into gyral and sulcal regions, facilitating the labeling of most sulci. An algorithm was developed to use these cortex labels to fill the corresponding sulcal volume; which facilitates the identification, analysis of individual sulcal width values and their subsequent comparison. One of the main advantages of the EDT-based LM method, compared to the object-based methods previously described, is that sulcal width maps can be computed; these maps reveal any morphological changes either within a single sulcus or involving the entire brain sulcal region, but only enable a qualitative examination. Even though the proposed method is not voxel-wise, sulcal width variation can be analyzed and characterized by morphological descriptors. The sensibility of the proposed method, to detect sulcal width differences between a control group and a mild AD group, was evaluated, measuring two morphological descriptors MSW and MAD. Evidently, MSW values were significantly higher for the eighty labeled sulci, in patients with AD. These results suggest that gray matter loss associated with AD (Karas et al., 2004) is closely related to the increase in sulcal width, which is more evident in the frontal and temporal lobes. The variability in sulcal width (MAD) only changed significantly in the case of eight sulci. This lack of significant differences between control and AD patients, in terms of the MAD values for most sulci, suggest that they broaden globally. The relationship between sulcal width and cognitive function, via the MMSE score, was analyzed, even though these results did not survive the correction for multiple comparisons. However, some results suggest the possibility of a significant relationship, if a larger sample is used. Further research is necessary to explore the value of this detailed information, as a marker of disease progression. MSW measurements were also obtained; using the object-based method (BrainVisa) for the sixty-six subjects, to compare data obtained using each method, and determine the degree of correlation between them. The Brain Visa atlas was also used to label the sulci and compute sulcal width, employing the EDT-based LM method. The detailed comparison was made for five from each hemisphere, the MSW values were poorly correlated between both methods and only for the central sulcus correlation coefficient was r > 0.5. This case can be explained because of the well-defined morphology of this sulcus. The general lack of correlation between these two methods may relate to differences in approach; the Object Based sulcal width is computed, applying the distance between vertexes and using the EDT-based LM method, sulcal width represents the distance between voxels, this comparison was made with the Brain Visa Atlas which label 125 sulci.
This work presents a novel voxel-based method for measuring sulcal width and extracting descriptors to characterize and compare sulci within and among brains. This tool can be applied to analyze different populations, especially those with neurodegenerative disease. Few similar algorithms have been developed, and the main advantage of this method is that it is easy to implement, and it generates sulcal width maps, which can be used to qualitatively analyze the entire brain or only selected sulci. Further work may involve applying this method to a larger database and testing it in terms of other neurodegenerative disease, so as to also improve the Local Maxima labeling algorithm and complete the 3D crest lines that allow a voxel-wise approach.
